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ABSTRACT
IMPACT OF PRO-BASED LEARNING ON STUDENT PERFORMANCE IN
ELEMENTARY MATHEMATICS
Emmanuela Remy

Elementary school students have been underperforming in mathematics at the
city, state, and national level. The National Education Goals, adopted by the United
States Congress in 1989, did not achieve the two math goals (Goal #3 and Goal #5) by
the year 2000 as outlined in the Goals 2000 Legislation. The 2019 National
Assessment of Educational Progress (NAEP) results indicated that grade 4 students
were not proficient in mathematics. This exploratory study, not only sought to address
the two National Education math goals, but also investigated whether Pro-Based
Learning (ProBL) was an effective pedagogical practice for elementary school
students of diverse learning abilities as well as economically disadvantaged students in
mathematics by examining their performance on the New York State Mathematics
exam. The study had a sample size of seven K to 8 schools from one New York City
district. Though there were seven participating schools, the total number of elementary
school students was approximately 1,300. The study sought to specifically investigate
whether there were higher average proficiency level percentages and better
performance on mathematical word problems from students who engaged in ProBL
when compared to students in schools who did not engage in ProBL. The data
analysis, using SPSS, revealed that ProBL had a positive impact on students with
special needs and economically disadvantaged students. It was also found that students
performed better on mathematical word problems when engaged in ProBL.
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CHAPTER 1
Introduction
Pro-Based Learning (ProBL) is a student-centered, collaborative, and inquirybased pedagogical approach that engages students in open-ended discussions,
constructive arguments, and thinking that is critical, creative, and innovative in order
to design a culminating product. This dynamic and non-traditional approach to
teaching and learning emphasizes real world problem solving demonstrated through
multiple representations, resulting in learning that is more concrete because students
critically think about the content through exploration, questioning, and discussion
within a collaborative environment through cooperative groups. Students are able to
extend their thinking by connecting their prior knowledge with new knowledge. In this
pedagogical approach, the student is an active learner, and thus the learning transforms
into a personalized process (Akinoglu and Ozkardes Tandogan, 2006).
ProBL, by definition and in practice, is a combination of problem-based
learning and project-based learning, as can be seen in Figure 1. Project-based
learning’s characteristics are that it is problem-focused, student-centered, self-directed,
self-reflective, and facilitative (Marra, Jonassen, Palmer, & Luft, 2014). Project-based
learning organizes learning around projects that include “complex tasks, based on
challenging questions or problems, that involve students in design, problem-solving,
decision-making, or investigative activities, give students the opportunity to work
relatively autonomously over extended periods of time, and culminate in realistic
products or presentations” (Thomas, 2000). Problem-based learning, on the other
hand, is defined as a framework in which students learn the content by working in
cooperative groups to solve real world, authentic problems (Belland, Ertmer, &
1

Simons, 2006) without preparatory study, requiring that students extend their existing
knowledge to generate a solution (Wirkala and Kuhn, 2011). The purpose of problembased learning is to provide knowledge acquisition based on facts, and is mainly
comprised of problems, solutions, practice, research, questioning, realism, originality,
and integration (Akinoglu and Ozkardes Tandogan, 2006).

Figure 1. Project-Based Learning vs Problem-Based Learning
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Both pedagogical approaches are student-centered, but problem-based learning
prepares students for the future because they are faced with real or real-like problems
in their learning environment and producing appropriate solutions to enable
individuals to become problem solvers in their actual lives (Akinoglu and Ozkardes
Tandogan, 2006). Problem-based learning also teaches students how to socially
interact with each other through cooperative groupings. Students learn to listen to
others’ ideas and discern how to properly solve the problem at hand. The combination
of both learning theories may provide students with the foundation, self-confidence,
and intrinsic motivation needed to succeed. When those three elements are combined
with cooperative group work around real world problems, it may yield the engagement
that stems from an incorporation of positive attitudes and intrinsic motivation.
Through the collaborative, experiential, and interactional nature, students are able to
co-construct knowledge and make meaning of context-based problem solving
(Bowers, 2016). In facilitating the learning, teachers monitor discussions, ask
questions, help the resolution of occasional conflicts, enable participation, provide
examples, and make evaluations (Akinoglu and Ozkardes Tandogan, 2006).
There is limited research around the combination of problem-based and
project-based learning as a pedagogical practice. However, ProBL is more closely
aligned to problem-based learning because there is a focus on collaboration and
students extending their prior knowledge of a topic to connect to a new topic. Thus,
this study utilizes the research of problem-based learning as its foundation for ProBL
as a pedagogical practice.
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Purpose of the Study
Less than 50% of students in both New York State and New York City are
proficient in mathematics. Proficiency means that students demonstrate knowledge,
skills, and practices embodied by the New York State P-12 Common Core Learning
Standards that are considered sufficient for their grade. Proficiency in New York State
is attaining a minimum of a Level 3 on a 4 level scale (Appendix C). In New York
City, the mathematics proficiency level in grades three through eight in 2019 was 45.6
percent (schools.nyc.gov, 2019), an increase from 42.7 percent in 2018
(schools.nyc.gov, 2019). An urban district in New York City with about 25,300
students has a proficiency level of 34 percent in mathematics in 2019, which is about
12 percentage points below the city average (data.nysed.gov). Moreover, the 2019
National Assessment of Educational Progress (NAEP) results show that only 40% of
grade 4 students are at or above proficient in mathematics. More specifically, grade 4
students achieved an average scale score of 240, and 250 is the minimum for
proficiency on a 0 to 500 scale (Appendix D).
In looking various student demographics on the 2019 NAEP grade 4
mathematics results, Black and Hispanic students scored significantly lower than their
White and Asian counterparts, as can be seen in Table 1. On a scale ranging from 0 to
500, Blacks and Hispanics had an average scale score of 218 and 225, respectively,
while Whites and Asians had an average scale score of 245 and 261, respectively.
Black students’ average scale score is 27 points less than that of White students and
the gap widens further when compared to Asian students. The performance gap
between Black and White students has not significantly changed as there was a 27
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point gap on 2000 NAEP assessment results. However, the performance gap has
narrowed from the 2000 NAEP assessments when Hispanic students are compared to
White students by 10 average scale points.
On the most recent 2019 NAEP grade 4 mathematics assessments, New York
State scored an average scale score of 237 out of 500, which was the same average
score on the 2015 NAEP assessment results. New York State was among the 17 states
that performed significantly lower than the National public. New York City, which has
the largest school system in the nation, scored 6 scale score points below New York
State, with a score of 231 on the same 500 point scale. This is lower than the average
scale score of 235 for students in large cities and is not significantly different from the
average scale score of 229 in 2017.
The percentage of New York City students who performed at or above NAEP
proficient level was 32%, which is an increase from 28% in 2017. Though Black and
Hispanic students scored significantly below their Caucasian and Asian counterparts,
all subgroups in New York City were not proficient in mathematics at the elementary
level in 2017, as a scale score of 250 was needed. On the 2019 NAEP mathematics
assessment results, Asian students were the only demographic that were proficient.
Both Black and Hispanic students in New York City had decreased performance since
the 2017 NAEP assessments while their White and Asian counterparts had increased
performance.
Students with special needs scored significantly below the New York City
scale score average, with an average scale score of 203 out of 500. Thus, elementary
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school students, both with and without special needs, are underperforming in
mathematics at the city, state, and national level.
Table 1. NAEP Math Results by Demographic for 2017 and 2019 – Grade 4
Demographic

Caucasian
Asian
Black
Hispanic

Average
Scale Score
on 2017
NAEP
(National)
244
252
224
223

Average
Scale Score
on 2019
NAEP
(National)
245
261
218
225

Average Scale
Score on 2017
NAEP
(New York
City)
246
247
220
221

Average Scale
Score on 2019
NAEP
(New York
City)
248
257
216
220

ProBL was implemented as a pedagogical practice in elementary mathematics
classrooms to combat student underperformance. The purpose of this study is to
specifically investigate whether ProBL, as a pedagogical practice, produces a higher
overall percentage of proficient elementary students with diverse learning abilities
and/or who are economically disadvantaged. The study also seeks to examine whether
or not ProBL positively impacts student performance on mathematical word problems.
Previous research on problem-based learning illustrates that it was primarily
used at the secondary level or college level (Cerezo, 2004; Akinoglu and Ozkardes
Tandogan, 2006; Belland, Ertmer, & Simons, 2006; Inel and Balim, 2010; Lou, Shih,
Ray Diez &Tseng, 2011; Ferreira and Trudel, 2012; Bishara, 2016; Ranjan and
Padmanabhan, 2018) and/or with gifted or general education students (Park, 2005;
Trinter, Moon & Brighton, 2015). Elementary school students, students with special
needs, struggling students, and economically disadvantaged students are rarely able to
partake in problem-based learning. Based on the research, problem-based learning is
beneficial to students because it provides self-efficacy, self-confidence, intrinsic
6

motivation and a foundation through collaborative settings. These characteristics when
combined may increase math performance.

Theoretical Framework
Problem-based learning is aligned to constructivism. Constructivism
“considers the learner as an active agent in the process of knowledge acquisition”
because the student learns by “fitting new information together with what s/he already
knows” (Bada, 2015). Thus, humans construct knowledge and meaning from their
experiences. Jean Piaget, Lev Vygotsky, Jerome Bruner, and von Glasersfeld, strong
proponents of constructivism, believe that “learning outcomes should focus on the
knowledge construction process and that learning goals should be determined from
authentic tasks with specific objectives” (Bada, 2015), and that children learn best
through collaboration or social interaction within cooperative groups (Vygotsky, 1962;
Piaget, 1980), a major component of ProBL.
The ProBL Theoretical Framework (Figure 2), aligned to constructivism, has a
foundation in both project-based learning and problem-based learning. It holds that
when the two are combined, there may be a great impact on student performance in
mathematics. Student performance may come from the critical thinking done in
cooperative groups, both of which are highlighted in ProBL.
Intrinsic motivation guides the Richard Ryan and Edward Deci’s SelfDetermination Theory (SDT). SDT asserts that intrinsic motivation is an investigation
of people’s inherent growth tendencies and innate psychological needs (competence,
autonomy, and relatedness) that are the basis for their self-motivation and personality
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integration (Deci and Ryan, 2000). Intrinsic motivation, based on the ProBL
Theoretical Framework, is one of the elements that may be a result of ProBL (Figure
2).
Figure 2. ProBL Theoretical Framework

Significance of the Study
In 1989, the United States Congress adopted and modified six National
Education Goals into eight goals under the Goals 2000 legislation. Of the eight goals,
two were related to mathematics: Goal #3 and Goal #5. Goal #3, entitled Student
Achievement and Citizenship, stated that “American students will leave grades four,
eight, and twelve having demonstrated competency in challenging subject matterincluding English, mathematics, science, foreign languages, civics and government,
economics, arts, history, and geography -[and leave school] prepared for responsible
citizenship, further learning, and productive employment” (National Education Goals,
1996). Goal #5, entitled Mathematics and Science, stated that “U.S. students will be
first in the world in science and mathematics achievement” (National Education Goals,
8

1996). Both goals were to be achieved by the year 2000. Thirty years after the goals’
adoption and almost 20 years after the due date of these goals, these goals have not
been achieved based on current NAEP results.
As mentioned before, the 2019 NAEP mathematics results for grade 4 students
stated that elementary students were not proficient. New York City ranked 18 out of
27 urban district rankings for grade 4 students (schools.nyc.gov, 2019). A closer
examination of New York City revealed that all identified demographics (Caucasian,
Asian, Black, and Hispanic) at the elementary level did not reach the proficiency level
(250 scale score) on the 2017 NAEP mathematics assessment. On the 2019 NAEP
mathematics assessment, only one demographic group (Asian) achieved proficiency.
Correspondingly, 42.7 percent of New York City students in grades 3 through 8 were
proficient on the New York State Mathematics examination in 2018 (schools.nyc.gov,
2019) and 45.6 percent in 2019 (schools.nyc.gov, 2019).
New York City public schools’ population had a population that was largely
composed of Hispanic/Latino (40.5 percent) and Black/African American (26 percent)
students (schools.nyc.gov, 2019), and those demographics had scored the least on the
2019 NAEP mathematics assessment. Additionally, 19.7 percent of New York City
public schools students have special needs and 74 percent are economically
disadvantaged (schools.nyc.gov, 2019). As mentioned before, problem-based learning
had historically been implemented with general education or gifted students at the
secondary level. Elementary students, students with special needs, and struggling
students have not had the opportunity to engage in this form of learning. Additionally,
much of the research on problem-based learning took place outside of urban settings.
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In connection to these datasets, this study will address Goals #3 and #5 of the National
Education Goals by investigating the impact of ProBL on elementary economically
disadvantaged students and diverse learners in elementary mathematics.
Based on Figure 1 and the ProBL Theoretical Framework, project-based
learning and problem-based learning does not provide students with a conceptual
understanding of the material in isolation. However, when combined to form a ProBL
environment, students engage in a collaborative and inquiry-based environment that
focuses on real-world problems. This most directly aligns to the constructivist theory
of learning which fosters collaboration, and has a focus on critical thinking. ProBL’s
student-centered approach may promote divergent, convergent, critical, and innovative
thinking as well as intrinsic motivation. These elements are all associated with creative
thinking, which is significantly and positively correlated with being intrinsically
motivated, curious in topic, risk taking, and engaged and motivated in complex tasks
(Lin and Cho, 2016). Through this study, ProBL, if implemented, will extend current
pedagogical practices and constructivism.

Connection with Social Justice and/or Vincentian Mission in Education
St. John’s University prides itself on its Vincentian mission that focuses on
service. Part of that service is “devot[ing] [their] intellectual and physical resources to
search out the causes of poverty and social injustice and to encourage solutions that
are adaptable, effective, and concrete” (www.stjohns.edu, 2019). In this study, the
social injustices focus on learning opportunities for students in the New York City
public school system. A majority of the students in this study were Black and/or
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Hispanic, and some of them have special needs, were English Language Learners
and/or economically disadvantaged. ProBL attempts to narrow the achievement gap in
mathematics through cooperative groups, critical thinking, and designing a product
around real-world problems. It allows students to build upon their current knowledge
thereby extending their thinking to form a conceptual understanding about the content.
Through these practices, especially collaboration in cooperative groups, students may
be afforded the opportunity to discuss problems, giving them a foundation and
intrinsic motivation, prior to solving the problem on their own.

Research Questions
1.

Does a school, when ProBL is implemented, report a higher overall percentage
of elementary students with diverse learning abilities, specifically those with
special needs and/or are English Language Learners, who attain proficiency
levels in mathematics as measured by the New York State Mathematics
examination when compared to schools with similar students who did not
engage in ProBL?

2.

Does a school, when ProBL is implemented, report a higher overall percentage
of economically disadvantaged elementary students who attain proficiency
levels in mathematics as measured by the New York State Mathematics
examination when compared to schools with similar students who did not
engage in ProBL?

3.

Does a school, when ProBL is implemented, report a positive impact on
elementary students’ performance on mathematical word problems as

11

measured by specific standards on the June Instructional Reports when
compared to similar students in other schools who did not engage in ProBL?

Definition of Terms
General Education Students: Students who are not classified as needing special
education and required to meet the Common Core Standards with mandated
accommodations or modifications.
Gifted Students: Children and youth with outstanding talent who perform or show the
potential for performing at remarkably high levels of accomplishments when
compared with others of their age, experience, or environment. (US Department of
Education, 1993 via National Society for the Gifted and Talented
https://www.nsgt.org/giftedness-defined/)

Economically Disadvantaged: Economically disadvantaged students are those who
participate in, or whose family participates in, economic assistance programs, such as
the free or reduced-price lunch programs, Social Security Insurance (SSI), Food
Stamps, Foster Care, Refugee Assistance (cash or medical assistance), Earned Income
Tax Credit (EITC), Home Energy Assistance Program (HEAP), Safety Net Assistance
(SNA), Bureau of Indian Affairs (BIA), or Family Assistance: Temporary Assistance
for Needy Families (TANF). If one student in a family is identified as low income, all
students from that household (economic unit) may be identified as low income
(data.nysed.gov).
English Language Learners: English Language Learners (ELLs) are those who, by
reason of foreign birth or ancestry, speak or understand a language other than English
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and speak or understand little or no English, and require support in order to become
proficient in English and are identified pursuant to Section 154.3 of Commissioner's
Regulations.
Individualized Educational Plan (IEP): An IEP is a plan or program developed to
ensure that a child who has a disability identified under the law and is attending an
elementary or secondary educational institution receives specialized instruction and
related services (US Department of Education, 2019)
National Assessment of Educational Progress (NAEP): The National Assessment of
Educational Progress (NAEP), developed in 1969, is a nationally representative
assessment of the performance of United States' students in mathematics, reading,
science, writing, the arts, civics, economics, geography, and U.S. history. The NAEP
assessment is administered to a sampling of schools across New York State. Teachers,
principals, parents, policymakers, and researchers use NAEP results to assess progress
and develop ways to improve education in the United States. As part of a federal
requirement, NYSED is publishing these statewide results on NAEP. There are no
consequences for schools, teachers, or students based on NAEP
results. (data.nysed.gov)
Pro-Based Learning (ProBL): Student-centered learning that engages students in
generating solutions to authentic, real-world problems using prior knowledge and new
knowledge in cooperative groups through open-ended discussions, decisions-making
and investigative practices, and innovative, creative, and critical thinking. This form of
learning allows students to be creative and produce multiple representations of their
learning as well as be reflective of the process.

13

Problem-based Learning: Problem-based learning is defined as a framework in
which students learn the content by working in cooperative groups to solve real world,
authentic problems (Belland, Ertmer, and Simons, 2006)) without preparatory study,
requiring that students extend their existing knowledge to generate a solution (Wirkala
and Kuhn, 2011).
Project-based Learning: Project-based learning organizes learning around projects
that are “complex tasks based on challenging questions or problems” that involve
students in designing, problem-solving, decision-making, or investigating over
extended periods of time and culminate in realistic products or presentations (Thomas,
2000) as well as is student-centered, self-directed, self-reflective, and facilitative
(Marra, Jonassen, Palmer, & Luft, 2014).
Race/Ethnicity: Race or races with which the student primarily identifies as indicated
by the student or the parent/guardian.


American Indian or Alaska Native: A person having origins in any of the
original peoples of North and South America (including Central America) and who
maintains cultural identification through tribal affiliation or community
recognition.



Asian or Native Hawaiian/Other Pacific Islander: : A person having origins in
any of the original peoples of the Far East, Southeast Asia, or the Indian
subcontinent, including Cambodia, China, India, Japan, Korea, Malaysia, Pakistan,
the Philippine Islands, Thailand, and Vietnam; or a person having origins in any of
the original peoples of Hawaii, Guam, Samoa, or other Pacific Islands.
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Black or African American: A person having origins in any of the black racial
groups of Africa.



Hispanic or Latino: A person of Mexican, Puerto Rican, Cuban, Central or South
American, or other Spanish culture or origin, regardless of race.



White or Caucasian: A person having origins in any of the original peoples of
Europe, North Africa, or the Middle East.

Students with Disabilities (herein referred to as students with special needs):
Students with disabilities are those who have been identified as such by the Committee
on Special Education and are receiving services under the Individuals with Disabilities
Education Act (IDEA). Students with disabilities include those having an intellectual
disability; hearing impairment, including deafness; speech or language impairment;
visual impairment, including blindness; serious emotional disturbance; orthopedic
impairment; autism; traumatic brain injury; developmental delay; other health
impairment; specific learning disability; deaf-blindness; or multiple disabilities and
who, by reason thereof, receive special education and related services under the IDEA
according to an Individualized Education Program (IEP), Individualized Family
Service Plan (IFSP), or a services plan.
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CHAPTER 2
Math proficiency is a national dilemma for elementary students in the United
States. Many progressive programs have been implemented in schools in the hopes of
increasing student performance in mathematics. Though schools have implemented
various programs and initiatives in relation to mathematics, assessment of math
creativity have not been practiced in schools (Lin and Cho, 2016), especially not in the
elementary grades (Grades K to 5). Teaching methods play a major component to how
students receive and retain information, and thus, many schools have converted their
teaching philosophies to a student-centered model, where the teacher takes on a
facilitative approach. Students learn best in a student-centered classroom because
students are more engaged in the lesson (Ornstein and Levine, 2008). A studentcentered approach to learning promotes divergent, convergent, critical, and innovative
thinking as well as intrinsic motivation (Cerezon, 2004; Belland, Ertmer, and Simons,
2006; Lou, Shih, Ray Diez, and Tseng, 2011). These elements are all associated with
creative thinking, which is significantly and positively correlated with being
intrinsically motivated, curious in topic, risk taking, and engaged in complex tasks
(Lin and Cho, 2016). ProBL has both a creative and student-centered approach to
learning, which aligns with the theory of constructivism.

Theoretical Framework
Constructivism
Constructivism holds the idea that the learner is an active agent in the process of
knowledge acquisition because the learner fits new information with knowledge s/he
already has acquired (Bada, 2015). Thus, humans construct new knowledge upon the
16

foundation of previous learning as well as building meaning from their experience
because they are active creators of their own knowledge (Bada, 2015). This theory is
important when young students are learning because it enhances students’ logical and
conceptual growth (Driscoll, 2000) when they utilize active techniques such as
experiments and real world problem solving to create more knowledge as well as
reflect upon and have discourse on what they are doing and how their understanding is
changing (Bada, 2015). In order for this to take place, the classroom learning
environment has to be arranged so that (1) knowledge can be shared between teachers
and students, (2) teachers and students share the authority, (3) teacher plays the role of
a facilitator, and (4) students are small heterogeneous groups (Tam, 2000). Through
these attributes, students will learn more because they are active participants in their
own learning through questioning, exploration, collaboration, and exchanging of ideas
on real world problems. Through a constructivist approach, learning becomes more
tangible, and thereby transferrable, because students participate in creative instincts,
which helps them express knowledge in a myriad of ways (Bada, 2015).
Constructivist theorists such as Jean Piaget, Lev Vygotsky, Jerome Bruner, and
von Glasersfeld believe that “learning outcomes should focus on the knowledge
construction process and that learning goals should be determined from authentic tasks
with specific objectives” (Bada, 2015). Bruner (1960) believed that learning is an
active process where learners construct new ideas or concepts based upon their
current/past knowledge. He believed that the instructor’s role is to be facilitative in
encouraging students to discover the principles on their own and to translate the
information into a format appropriate to the learner’s current state of understanding.
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Vygotsky (1962) had a similar belief that learning is a social process. He believed that
knowledge is constructed through human activity and social interaction alongside the
zone of proximal development (ZPD), which refers to what a student can do without
help and what s/he can do with help. Piaget (1980) promoted social interaction as a
way to build conceptual understanding because he believed that social interactions
bring schema into perspective. von Glasersfeld (1995) held that learning was process
that required self-regulation and conceptual structures development through reflection
and abstraction. In essence, the theorists believed that children learn best through
collaboration in cooperative groups. In these groups, students would be able to discuss,
investigate, extend their thinking, reflect, and design a culminating product. ProBL, in
theory, is the combination of all of the theorists’ beliefs because it incorporates student
learning styles, discussion through collaboration and/or social interactions,
exploration, and investigative practices that extend thinking as well as foster
reflection.
The ProBL Theoretical Framework (Figure 2) combines the learning activities
within project-based learning and problem-based learning in order to generate a great
impact on student performance in mathematics. As seen in Figure 1, project-based
learning’s characteristics are problem-focused, student-centered, self-directed, selfreflective, and facilitative (Marra, Jonassen, Palmer, & Luft, 2014). Thomas (2000)
stated that project-based learning organizes learning around projects that are “complex
tasks based on challenging questions or problems” that involve students in designing,
problem-solving, decision-making, or investigating over extended periods of time and
culminate in realistic products or presentations. Problem-based learning, on the other
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hand, focuses on students’ learning the content in cooperative groups in order to solve
real world authentic problems, without prior teaching, requiring students to extend
their existing knowledge to generate a solution (Belland, Ertmer, & Simon, 2006;
Wirkala and Kuhn, 2011).
Elementary students, when provided with a foundation in a discipline such as
mathematics, are allowed to critically think about the topics presented. The foundation
coupled with critical thinking instills self-confidence, which is a cornerstone for
student engagement. When all three attributes are combined within cooperative
groups, where students can solve authentic real world problems through inquiry-based
activities, positive attitudes towards the content and intrinsic motivation will be
yielded. Critical thinking, intrinsic motivation and cooperative groupings are needed
for students to explore and question the problem at hand in a manner that facilitates
learning. However, this is not feasible without a conceptual understanding, which
stems from the foundation. Students are able to utilize their own prior understanding
of the material and add the new knowledge to form a new conceptual understanding,
which is the guiding characteristic of constructivism. The characteristics of ProBL
align with Honebein’s constructivists’ pedagogical goals from 1996: (1) students
determine how they will learn, (2) students evaluate various alternative solutions, (3)
authentic tasks, (4) student-centered learning, (5) collaboration through cooperative
groupings, (6) multiple modes of representation, and (7) opportunity for metacognition
and reflection (Bada, 2015).
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Self Determination Theory
Motivation is major in any classroom setting for learning to occur. Motivation
concerns energy, direction, persistence and equifinality, which are all aspects of
activation and intention (Deci and Ryan, 2000). Motivation can be either intrinsic or
extrinsic because “people can be motivated because they value an activity or because
there is strong external coercion” (Deci and Ryan, 2000). Deci and Ryan (1991)
asserted that when comparing people that were intrinsically motivated “(self-authored
or endorsed) and those who are merely externally controlled,” those who are
intrinsically motivated “have more interest, excitement, and confidence, which in turn
is manifested both as enhanced performance, persistence, and creativity.” Deci and
Ryan (2010) stated that when people are playing and learning in a willing way, they
are intrinsically motivated, resulting in them acquiring knowledge about themselves
and their world. Little children are active, curious, and eager to partake in their
environments, and when they do they learn (Deci and Ryan, 2010). For these reasons,
intrinsic motivation is the guiding factor behind the Self-Determination Theory (SDT).
SDT is an approach to human motivation and personality that highlights the
importance of humans’ evolved inner resources for personality development, and
hence is an investigation of people’s inherent growth tendencies and innate
psychological needs that are the basis for their self-motivation and personality
integration (Deci and Ryan, 2000). SDT identifies three innate psychological needs –
competence, autonomy, and relatedness (Deci and Ryan, 2000) – which may yield
self-motivation because there is more self-determination. Competence refers to
people’s need to gain mastery of tasks and learn different skills. Relatedness discusses
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people’s need to experience a sense of belonging and attachment to other people.
Autonomy relates to people’s need to feel in control of their own behaviors and goals.
These innate psychological needs connect to ProBL’s characteristics and the
subcategories within intrinsic motivation.

Review of Literature
Student-centered learning has been found to be beneficial to the way in which
students receive and process information. The problem-based learning model turns the
student from passive information recipient to active, free self-learner and problem
solver, which then enables the student to learn new knowledge by facing him/her with
the problem to be solved (Akinoglu and Ozkardes Tandogan, 2007). In a constructivist
point of view, students are able to construct their own understanding and knowledge of
the world through experience and reflection (Bada, 2015), which enhances logical and
conceptual growth (Driscoll, 2000) while promoting creativity in both learning and
instruction. Students then make connections between what they had known and what
they have just learned. The creativity allows students to make more connections
between the content as well as receive a conceptual understanding.
Creativity refers to the ability to transcend traditional ideas, rules, patterns,
relationship, or the like, and to create meaningful new ideas, forms, methods,
interpretations, etc. According to Beghetto (2013), creativity is the combination of
originality, novelty, or newness and usefulness, meaningfulness, value, or meeting task
constraints as defined within a particular context. Creativity can be developed in the
classroom through application (Omdal and Graefe, 2017). In fact, many studies have
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come to the same conclusion: Creativity can be enhanced with appropriate support,
learning experiences, and opportunities to use the acquired skills in real-world settings
(Omdal and Graefe, 2017). Through creativity, students’ minds construct original,
progressive, and innovative thoughts. Many of these thoughts are born through peer
discussions and student inquiry. Such discussions and constructive arguments assist
students in understanding key course concepts, especially foundational skills. Though
creativity in math will not instruct the math concepts and skills that are required, it will
move students towards those skills through the motivation, convergent thinking,
divergent thinking, and the real world application that math creativity promotes (Lin
and Cho, 2016). Problem-based learning classroom environments focus on
collaboration, critical thinking skills, and discussions as motivation and student
engagement. Despite this, limited research discusses student-centered approaches such
as problem-based learning being used in elementary classrooms and/or with students
with special needs or who struggle academically. Such approaches that promote
creativity have historically been implemented in classrooms where there are general
education students and gifted students. Moreover, problem-based learning is typically
implemented in secondary education and not in the primary grades.
Problem-based learning is an effective learning method for students of various
intellectual abilities. Studies have found problem-based learning to positively impact
gifted students, general education students, and at-risk students because of the student
engagement that is provided through cooperative groups. The collaboration stimulates
critical innovative thinking skills through (1) fostering collaboration amongst students,
(2) promoting motivation and positive student attitudes towards the content, and (3)
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promoting and/or instilling self-efficacy and self-confidence. Student confidence
allows students to take control of their learning (Cerezo, 2004). Through these
attributes, there is a positive effect on student performance (Cerezo, 2004; Belland,
Ertmer, & Simons, 2006; Inel and Balim, 2010; Dagyar and Demirel, 2015; Ranjan
and Padmanabhan, 2018).
Promoting Intrinsic Motivation and Positive Student Attitudes
Motivation is crucial in any classroom setting because it governs the energy,
direction, persistence and equifinality which the learner is going to exert in task at
hand (Deci and Ryan, 2000). Learners who are intrinsically motivated “have more
interest, excitement, and confidence,” yielding “enhanced performance, persistence,
and creativity” (Deci and Ryan, 1991). Younger children are active, curious, and want
to learn about their environments in an inquisitive manner that allows them to play and
question (Deci and Ryan, 2010), and this intrinsic motivation to learn permits
knowledge acquisition of both self and surroundings.
Intrinsic motivation is the guiding factor behind the Self-Determination Theory
(SDT). SDT examines people’s inherent growth tendencies and innate psychological
needs as a basis for their self-motivation and personality integration (Deci and Ryan,
2000) through three innate psychological needs – competence, autonomy, and
relatedness. Competence refers to people’s need to gain mastery of tasks and learn
different skills. Relatedness discusses people’s need to experience a sense of
belonging and attachment to other people. Autonomy relates to people’s need to feel in
control of their own behaviors and goals.
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These psychological needs promote self-determination which then yields the
self-motivation (intrinsic motivation) needed to complete the task at hand. Intrinsic
motivation is believed to sustain the learning process more effectively (Ockert, 2018).
This type of motivation has three subcategories: knowledge, accomplishment, and
stimulation (Ockert, 2018). Knowledge refers to performing an activity for the feelings
associated with exploring new ideas and developing knowledge, which coincides with
competence. Accomplishment relates to the sensations associated with attempting to
master a task or achieve a goal, which is parallel to relatedness. Stimulation is similar
to autonomy because it discusses the sensations stimulated by performing the task
such as aesthetic appreciation or fun and excitement. Therefore, these subcategories
coincide with the innate psychological needs and are correlated with ProBL’s
attributes in that students explore new concepts on their own and through collaboration
and discussion merge the new knowledge with prior knowledge.
Problem-based learning assists with the learning process because it creates a
social environment that meets the various cognitive pathways and working styles of
students through discussion. In problem-based learning, students set goals for
themselves because they are involved in decision-making activities, open-ended
discussion, and/or constructive arguments. Goals motivate people to exert the effort
necessary to meet task demands and persist over time as well as direct attention to
relevant task features and behaviors to be performed (Schunk, 2016). This, then,
affects how learners process information (Schunk, 2016). According to Amabile
(1983), creative-relevant skills include cognitive style, application of heuristics for the
exploration of new cognitive pathways, and working style. In contrast, students taught
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with a more controlling approach not only lose initiative, but learn less effectively,
especially when learning requires conceptual, creative processing (Amabile, 1996).
Task motivation accounts for motivational variables that determine an
individual’s approach to a given task. The individual’s approach can be based upon
many factors such as learning styles, interests, comfort with the material, and the
manner in which they interact with the material.
In a study of 50 seventh grade students in Istanbul, Turkey, it was found that
the implementation of problem-based learning active model positively affected
students’ academic achievement and their attitudes towards the science course
(Akingoglu and Ozkardes Tandogan, 2007). Specifically, students’ attitudes towards
problem-solving, thinking, group works, communication, information acquisition and
information sharing with other were positively affected. The study also revealed that
the conceptual development of the students were positively affected and their
misconceptions were minimized.
In another study of eight seventh-grade female students at risk of failing
mathematics from a rural school in Georgia, the results indicated that problem-based
learning effectively met the perceived learning and motivational needs of at-risk
students (Cerezo, 2004). The study investigated and identified the thematic
perceptions of at-risk students after their experience with problem-based learning.
Students expressed that due to problem-based learning, they were able to think
differently, to be open to new ideas, and not be judgmental, and to be supportive of
each other (Cerezo, 2004).

25

In a mixed-method study examining the impact of PBL on a variety of student
outcomes, results indicated that the implementation of problem-based learning had a
significant impact on student attitudes toward science and perceptions of their learning
environment (Ferreira and Trudel, 2012). The results support other researchers’ claims
that allowing students to investigate and analyze their results gives them ownership
over the science needed to establish a resolution for the problem. The results support
some researchers’ contention that the processes involved in problem-based learning
build and strengthen a student’s metacognitive framework and encourage
metacognition and self-regulated learning. The structure used in problem-based
learning also plays an important role in facilitating learning. Furthermore, none of the
studies reviewed had examined the impact of PBL on the overall classroom
atmosphere and development of a sense of community (Ferreira and Trudel, 2012).
The study observed 48 male students at an all-male Jesuit Catholic high school in a
large city in the Midwest.
In a study that measured the ability of students to cope with unique,
challenging problem-solving in the field of numerical, verbal, and formal series and
the link with motivation for learning in junior high schools in the Arab sector, it was
found that the rise in the amount of correct answers correlated with a rise in the level
of motivation for learning (Bishara, 2016). The study included a sample size of about
50 students from the junior high school population in the Arab sector, who came from
five mixed seventh-grade junior high school classes. These students were sampled
randomly from a large number of junior high schools. Each included approximately 10
students with learning disabilities who studied together with regular students.
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Lou, Shih, Ray Diez, & Tseng (2011) sought to (1) explore the impact of PBL
on STEM learning among female senior high school students; (2) explore the effects
of PBL strategies on the integration of STEM knowledge among female senior high
school students; and (3) provide suggestions and recommendations for future STEMrelated research. The subjects of this research were the 10th grade students at a girls’
senior high school in Pingtung County who volunteered to organize teams for
participation in the contest. Each team included four to five members, with a total of
40 students on 18 teams. In this study, a ‘‘STEM internet platform’’ was developed to
provide group members with opportunities for discussion and sharing of data, as well
as to foster an understanding of how group members discuss, pass on, share, and use
STEM knowledge—and, finally, to identify problems with STEM knowledge and
provide an intellectual model for problem solving in the context of a contest to build a
solar automatic trolley.
The study found that (1) PBL strategies were helpful in enhancing students’
attitudes toward STEM learning and helping them explore their future employment
opportunities, (2) Female students were able to apply the basics of science and
mathematics to concepts of engineering design, but their technological skills were
obviously insufficient, and (3) PBL strategies provide students with an integration and
application experience with STEM knowledge.
In another study of 600 middle school students with special needs in small
rural community in the Midwest, students had strong engagement (Belland, Ertmer, &
Simons, 2006), which led to increased academic performance. The students perceived
that problem-based learning helped them in motivation, social skills, increasing their
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knowledge about computers, and effective interactions with classmates. Students also
increased their self-confidence as a result of being in cooperative groups.
Problem-based learning was found to increase students’ attitudes and promote
intrinsic motivation through the collaborative nature of cooperative groups. Having a
positive attitude towards the course content is a major attribute for student
achievement. If students enjoy the content of their learning, then they will be more
likely to be motivated to engage in the content and extend their learning.
Simultaneously, students that have a voluntary will to learn the task at hand will have
greater enjoyment in the task. The cooperative groupings also provide students with
the needed foundational skills to apply (Lou, Shih, Ray Diez, & Tseng, 2011).

Promoting and/or Instilling Self-Efficacy and Self-Confidence
Goal-setting assist with another skill: self-efficacy. Motivation through goals
is better suited for students because self-efficacy is developed, and it can influence
choice in activities. Students with high self-efficacy expend greater effort and persist
longer than students who doubt their capabilities, especially when they encounter
difficulties (Schunk, 2016). This also keeps students engaged in the task at hand. Selfefficacy promotes learning because people can learn to set goals and self-regulate their
cognitions, emotions, behaviors, and environments to attain their goals, thereby
increasing their achievement. This is parallel to SDT through competence because the
learner sets their goals.
A study focusing on problem-based learning implementation to at-risk seventhgrade females found that through the engagement of problem-based learning, there
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were changes in students’ learning processes and self-efficacy, including selfconfidence, group dynamics, and self-motivation (Cerezo, 2004). Previous research
had indicated at-risk students improve in science and mathematics when the nurturing
of peer relationships is provided. It helped students become more confident in taking
control of their learning (Cerezo, 2004). In another study, students stated that they
gained patience and wanted to help students that had a lower ability than that of
themselves (Belland, Ertmer, & Simons, 2006). This study examined the perceptions
of 600 middle school students in a small rural community in the Midwest and their
teachers on engaging in problem-based learning. The study’s results established that
students manifested strong engagement and students with less severe disabilities
developed compassion for students with more severe disabilities. Additionally,
problem-based learning raised their self-confidence and collaborative skills (Belland,
Ertmer, & Simons, 2006), as well as produced greater student performance.

Fostering Collaboration for Foundational Support
Constructivist theorists were firm believers that students learn best through
social interactions and collaboration. One of the elements of problem-based learning is
anchored in collaboration through cooperative groups. In these cooperative groups,
students engage in solving the given problems that focus on the real world. Through
these problems, students expand their higher-order thinking skills (Hmelo-Silver,
2004) as well as have meaningful discussions. This form of student engagement has
positive effects on student academic growth, and in one study, this positive effect
increased monthly in mathematics (Park, 2005).
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Belland, Ertmer, & Simons (2006) discussed that the goal of special education
was to have students with special needs perform closer to the level of performance
allowed by their intellectual ability. They stated that this was the reason why problembased learning was one of the best methods in teaching students with special needs.
They stated that it fostered collaboration and students were intrinsically motivated to
learn. In this same study, it was found that both teachers and students perceived a great
value in problem-based learning for several reasons through interviews. On the part of
the teachers, teachers reported that students were more concentrated in their work as
well as demonstrating a sense of compassion. Students stated that they gained patience
and wanted to help students that had a lower ability than that of themselves. Students
also expressed that they enjoyed being able to interact with students. Additionally,
they perceived that problem-based learning helped them in other areas besides
motivation and social skills such as in the use of technology.
Park (2005) explored how much student engagement had a positive effect on
student academic performance. The study looked at about 6000 first grade students
and about 460 math teachers. The results found that student engagement does have
positive effects on student academic achievement, especially in minority students.
These results are connected with the classroom environment variables and is consistent
with previous research.
The cooperative groupings also provide students with the needed foundational
skills to apply (Lou, Shih, Ray Diez, & Tseng, 2011). In this study, 40 tenth grade
female students reported that they were able to apply the basics of math and science to

30

engineering design concepts. Students also established that they were provided with an
integration and application experience with STEM knowledge.
Problem-based learning provides student with a collaborative environment,
where students are engaged in the activity. The engagement increases student
academic performance because students gain the foundational skills that they need.

Student Academic Performance
Students have varied learning styles and those abilities have a bearing on their
cognitive skills, thereby correlating to their academic performances and achievement.
Park (2005) found that student engagement had positive effects on student academic
growth, and suggested that student engagement should be emphasized in school and
educational policy for students’ success in a school. Problem-based learning assists in
student performance through the fostering of critical thinking skills and constructive
discussions. The positive effects that problem-based learning provides are primarily
based on task motivation.
Inel and Balim, (2010) aimed to investigate the impact of the problem-based
learning method used in science and technology teaching upon elementary school
students’ academic achievement and levels of concept construction used in science and
technology teaching. The primary research question of the study is “Does the use of
the problem-based learning method have any effect on students’ academic
achievement and levels of concept construction in the unit of “Systems in Our Body”
in an elementary-level science and technology course?” The study consisted of 41
seventh-grade students enrolled in an elementary school in Turkey. The study formed
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two groups including the experimental and control groups, and during the four-week
experimental application process, the experimental group was taught using the
problem-based learning (PBL) method, while the control group was taught on the basis
of the science and technology curriculum. While there was no significant difference
between the groups’ mean academic achievement scores before the experimental
application, a significant difference was found between the groups’ academic
achievement after the application in favor of the experimental group (Inel and Balim,
2010). This result indicates that the experimental group students attained higher
success after the experimental application when compared to their peers in the control
group.
In another study revealing PBL's effects on students’ academic achievement
when compared to traditional teaching, it was established that problem-based learning
can be considered as being positively effective on students’ academic achievement.
Additionally, according to the findings of the study obtained from the sub-questions, it
can be said that problem-based learning is effective in Social Sciences, Mathematics,
Computer, and Health Sciences courses as much as in the field of Science courses
(Dagyar and Demirel, 2015). The primary research question of this study was: Do the
research findings concerning PBL’s effects on student achievement as compared to
traditional teaching, have significant differences in support of PBL while effect sizes
are considered? In the study, meta-analysis was adapted as a method. After a
comprehensive literature review, 98 studies met the identified criteria (Dagyar and
Demirel, 2015).
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The Trinter, Moon, & Brighton (2015) qualitative study sought to provide
empirical evidence of the extent to which the types of tasks recommended by Sheffield
for eliciting characteristics of mathematical promise allowed for the manifestation of
these characteristics in primary-grade students within a problem-based learning (PBL)
context. The research question for this study is “To what extent do two second-grade
PBL units allow for the manifestations of mathematical promise in students as
described by Sheffield’s (2003) themes and characteristics?” Data were obtained from
two, second-grade PBL mathematics units that were differentiated to make
mathematical concepts more accessible and enhanced with dynamic technology to
increase student engagement. The study included five second graders identified by the
three participating teachers as being mathematically promising in Henderson County,
which is located in a semirural area in the mid-Atlantic region of the United States. As
a result of the PBL curricula and embedded tasks, students in this study expressed their
mathematical promise in several ways including through verbal expression, kinesthetic
(use of tactile manipulatives), numeric, written words, and illustrations. The findings
in this study provide evidence of face validity of Sheffield’s (2003) a priori themes
that describe the characteristics of mathematically promising students: (a)
Mathematical Frame of Mind, (b) Mathematical Formalization and Generalization, (c)
Mathematical Creativity, and (d) Mathematical Curiosity and Perseverance. These
characteristics were clearly visible in the student work in this study; however, the
findings reveal the importance of some additional contextual factors to ensure that
students have the opportunity to demonstrate mathematical talents. The findings of the
study also suggest that when given appropriate learning opportunities, students
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belonging to traditionally underrepresented groups in the area of mathematics (e.g.,
low socioeconomic status [SES], females, ED disability) can demonstrate these
characteristics. This finding aligns with the NCTM (1995) Task Force
recommendation of experience/opportunity for maximizing student success (Trinter,
Moon & Brighton, 2015).
Ranjan and Padmanabhan (2018) study had three objectives: (1) to compare the
mean scores on the achievement test in Mathematics of class VII students to be taught
mathematics with traditional method and constructivist method before the
experimental treatment, (2) to measure mean score on the achievement test in
mathematics of class VII students who were taught Mathematics with the use of
constructivist approach and traditional approach, and (3) to analyze the effectiveness
of constructivist teaching method in relation to achievement in mathematics. It was
hypothesized that (1) there is no significant difference in the mean scores of pre-test
on achievement scores in mathematics between experimental and control group before
teaching using constructivist approach, (2) there is a significant difference in the mean
scores on the achievement test in mathematics experimental and control group after
the experimental treatment, and (3) there is a significant difference between the mean
scores of pre-test and post-test of achievement in mathematics of VII standard students
as a result of constructivist approach. The sample of the study included 70 students
(the experimental and control group consists of 35 students each) of VII class of
Middle school, Fatehpur, Sitamarhi of Bihar having Hindi medium. From the findings
of the study, it was concluded that constructivist approach is better and more effective
in the teaching of mathematics than the traditional approach. Constructivist approach
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focus on knowledge construction rather than reproduction, it helps students in
developing skills and attitudes (Ranjan and Padmanabhan, 2018).
Despite these many research findings that support problem-based learning,
there are some researchers that dissent. Kirschner, Sweller, & Clark (2006) found that
inquiry-based instruction such as problem-based learning was intuitively appealing but
ignored the structures of the human cognitive architecture and studies that indicate that
minimally guided instruction is less effective and less efficient. In that case, teacherdirected instruction is preferred over student-centered instruction. Although a student
may have considerable prior knowledge of the content, strong guidance by the teacher
is recommended. This so that any misconceptions that may arise are not deeply
embedded in the student’s learning. There may be negative results when students
acquire misconceptions or incomplete or disorganized knowledge because the
pedagogic content of the learning experience is not identical to the process and method
of the discipline being studied (Kirschner, Sweller, & Clark, 2006).
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CHAPTER 3
There are seven schools in the study, and all of the schools are from the same
district. The chosen schools for the study are all K to 8 schools. The study, however,
examined elementary students in grades three through five because the focus is on
ProBL’s impact on student performance at the elementary level. Of the seven schools
in the study, only one school, Renaissance School, implemented ProBL in the
2018/2019 school year. To determine the impact of ProBL, Renaissance School’s
proficiency level percentage data for grades three to five was compared to that of the
other K to 8 schools within the district. Different datasets such as each school’s
elementary students’ overall proficiency level percentages on the NYS Mathematics
Exam and each school’s students’ performance on mathematical word problems in the
2018/2019 school year were analyzed to determine impact. The school’s proficiency
level percentages for all students and each subgroup were compared to similar students
in the other schools who did not engage in ProBL.

Methods and Procedures
Research Questions
1.

Does a school, when ProBL is implemented, report a higher overall percentage
of elementary students with diverse learning abilities, specifically those with
special needs and/or are English Language Learners, who attain proficiency
levels in mathematics as measured by the New York State Mathematics
examination when compared to schools with similar students who did not
engage in ProBL?
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2.

Does a school, when ProBL is implemented, report a higher overall percentage
of economically disadvantaged elementary students who attain proficiency
levels in mathematics as measured by the New York State Mathematics
examination when compared to schools with similar students who did not
engage in ProBL?

3.

Does a school, when ProBL is implemented, report a positive impact on
elementary students’ performance on mathematical word problems as
measured by specific standards on the June Instructional Reports when
compared to similar students in other schools who did not engage in ProBL?

Hypotheses
Research Question #1


Null: The overall percentage of proficient students of diverse learning abilities
who engaged in ProBL will not be significantly higher when compared to
similar students who did not engage in ProBL.



Alternative Hypothesis: The overall percentage of proficient students of
diverse learning abilities who engaged in ProBL will be significantly higher
when compared to similar students who did not engage in ProBL.

Research Question #2


Null: The overall percentage of proficient students who are economically
disadvantaged and engaged in ProBL will not be significantly higher when
compared to similar students who did not engage in ProBL.
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Alternative Hypothesis: The overall percentage of proficient students who are
economically disadvantaged and engaged in ProBL will be significantly higher
when compared to similar students who did not engage in ProBL.

Research Question #3


Null: Elementary students who engage in ProBL will not have better
performance on math word problems when compared to those who did not
engage in ProBL.



Alternative Hypothesis: Elementary students who engage in ProBL will have
better performance on math word problems when compared to those who did
not engage in ProBL.

Sample and Population
Sample. The total sample size for this study is seven schools. The seven K to 8
schools included 1,281 student state examination scores from a New York City urban
school district. The students were in grades three through five. There were 416 third
graders, 435 fourth graders, and 430 fifth graders as seen in Table 2. Of the 1,281
students, 229 students (17.9%) are classified as students with special needs, 911
students (71.1%) are classified as economically disadvantaged, and 112 students
(8.7%) are English Language Learners.
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Table 2. Number of Participants by Grade and Classification
School

Grade 3
AL
L

Renaissance
School
Truth
Academy
Peak Summit
School
Howell Shore
School
Fisher
Academy
Grove
Neighborhoo
d School
Hillcrest
School
TOTAL

SW
D

Grade 4

ED

EL
L

AL
L

SW
D

Grade 5

ED

EL
L

AL
L

SW
D

ED

EL
L

71

7

23

0

72

16

31

0

73

19

34

0

68

10

47

0

68

8

59

0

65

7

48

1

65

17

47

9

88

17

68

18

77

19

58

23

57

14

49

7

58

8

52

8

46

10

37

2

35

5

30

1

31

3

22

1

35

5

24

2

68

10

47

13

66

10

55

7

70

12

59

3

52

11

37

6

52

8

41

3

64

13

43

8

416

74

28 36 435 70
33 37 430 85
30
0
3
3
Experimental school highlighted in grey
*All refers to the number of all students regardless of classification that took the state
examination. SWD refers to number of students with special needs that took the state
examination.
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There is a wide variety of demographics in the district, and the participating
schools in the study are reflective of these demographics. The student demographics in
the district compared to that of New York City, outlined in Table 3, indicate that only
half of the listed demographics were comparable. The percentage of Black, Hispanic
and White students in the district significantly differ from students in the New York
City Department of Education. However, the average percentage of students with
special needs in the district (18.1%) was comparable to that of New York City
(20.2%).
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Table 3. City Demographics Compared to District Demographics
Demographics
Black or African American
Asian or Native Hawaiian/Other Pacific Islander
Hispanic or Latino
American Indian or Alaska Native
White
Multiracial

District
61.9%
16%
15.8%
3.5%
1.8%
1.1%

NYC
26.1%
16.1%
40.6%
1.1%
14.7%
1.4%

Table 4. Demographics of Percentages of Participating Schools by Grade
School

Grade 3
Grade 4
Grade 5
B H C A B H C A B H C A
Renaissance School
54 7
1
6
52 12 0 7
52 13 0 5
Truth Academy
63 4
1
0
64 2
0 0
64 0
0 1
Peak Summit School
37 21 2
3
49 29 0 9
37 32 2 5
Howell Shore School
43 9
3
0
42 7
3 3
38 4
1 2
Fisher Academy
4
10 1
15 9
10 0 9
7
7
3 14
Grove Neighborhood School 21 18 4
22 16 24 1 19 22 14 4 16
Hillcrest School
48 4
0
0
42 6
1 1
57 5
0 1
Experimental school highlighted in grey
**B=Black/African-American, H=Hispanic/Latino, C=Caucasian/White, and A=Asian/Native
Hawaiian/Other Pacific Islander.

The seven participating schools in the district were selected for consistency and
comparative populations. The experimental school that implemented ProBL,
Renaissance School, was a K to 8, and so all participating schools were K to 8 schools
as well. These schools are similar in population size overall, and in some cases
resources. All of the schools except for one was reported as utilizing the same math
curriculum that was provided by New York City Department of Education on their
Quality Review Report (schools.nyc.gov, 2019).
Population. The study’s population were elementary students in urban public
schools in grades three through five. Only school proficiency level percentage
averages of students in grades three through five were identified, and only their
40

information were filtered and included in the study. The population included
elementary students with diverse learning abilities, including students with special
needs and English Language Learners, and economically disadvantaged students in an
attempt to reflect the population in the district.

Instruments
The instruments utilized in the study were the New York State mathematics
examinations and the June Instructional Reports for the 2018/2019 school year.
Quality Review reports of each school were reviewed to determine school curricula
and pedagogical approaches. The New York State exam information will be taken
from both the New York State Education Department (NYSED) website and the New
York City Department of Education (NYCDOE) website.
According to the New York State Testing Program: Educator’s Guide to the
2019 Grades 3 through 8 Mathematics Tests, the exams measured the New York State
Learning Standards, which are divided into standards, clusters, and domains. The
standards define what students should understand and be able to do. The clusters are
groups of related standards, and the domains are larger groups of related clusters and
standards. The major domains, clusters and standards for grades three through five are
represented in Table 5. The tests assess the major clusters, which make up the majority
of the test. While all questions are linked to a primary standard, some questions
measure more than one standard and one or more of the Standards for Mathematical
Practices. Similarly, some questions measure cluster-level understandings. Due to the
alignment in the standards, clusters, and Standards for Mathematical Practice, the tests
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assess students’ conceptual understanding, procedural fluency, and problem-solving
abilities, rather than assessing their knowledge of isolated skills and facts.
The tests consisted of two sessions that were administered over two days.
Students were provided with as much time as is necessary to complete each test
session, but the average time for each session by grade is outlined in Table 6. Since the
examinations have no time limits, schools and districts have the discretion to create
their own approach to ensure that all students who are productively working are given
the time needed within the confines of the regular school day.
The tests required students to apply mathematical understandings and
mathematical practices gained in the classroom in order to answer three questions
types: multiple-choice, short-response, and extended-response. Session one consisted
of only multiple-choice type questions, while session two had a mixture of all three
question types. The multiple-choice questions were one point per question, shortresponse questions were two points per question, and extended–response questions
were three points per question.
For multiple-choice questions, students made a selection from four answer
choices, while they wrote an answer to an open-ended question and may have been
required to show work for short and extended-responses. In some cases, students may
have been required to explain how they arrived at their response. The question types
assessed various skills through single and multi-step questions. Many of the multiplechoice questions required students to complete multiple steps, and within the answer
choices, distractors were based on plausible missteps.
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Table 5. Major Domains, Clusters, and Standards by Grade on NYS Math Exam
Grade

3

Domain
Operations
and
Algebraic
Thinking

Numbers and
Operations Fractions
Measurement
and Data

Cluster
Represent and solve problems involving multiplication and
division.

Understand the properties of multiplication and the
relationship between multiplication and division.
Multiply and divide within 100.
Solve problem involving the four operations, and identify
and explain patterns in arithmetic.
Develop understanding of fractions as numbers.

Solve problems involving measurement and estimation of
intervals of time, liquid volumes, and masses of objects.
Geometric measurement understand concepts of area and
relate area to multiplication and to addition.

Operations &
Algebraic
Thinking
Numbers and
Operations –
Base Ten

4

Represent and solve problems involving multiplication and
division.
Generalize place value understanding for multi-digit whole
numbers.
Use place value understanding and properties of operations
to perform multi-digit arithmetic.

Numbers and
Operations Fractions

Extend understanding of fraction equivalence and ordering

Numbers and
Operations –
Base Ten

Understand the place value system

Build fractions from unit fractions by applying and extending
previous understandings of operations on whole numbers
Understand decimal notation for fractions, and compare
decimal fractions.

Perform operations with multi-digit whole numbers and with
decimals to hundredths

5

Numbers and
Operations Fractions

Use equivalent fractions as a strategy to add and subtract
fractions
Apply and extend previous understandings of multiplication
and division to multiply and divide fractions

Measurement
and Data

Geometric measurement: understand concepts of volume and
relate volume to multiplication and to addition
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Standard
3.OA.1
3.OA.2
3.OA.3
3.OA.4
3.OA.5
3.OA.6
3.OA.7
3.OA.8
3.OA.9
3.NF.1
3.NF.2
3.NF.3
3.MD.1
3.MD.2
3.MD.5
3.MD.6
3.MD.7
4.OA.1
4.OA.2
4.OA.3
4.NBT.1
4.NBT.2
4.NBT.3
4.NBT.4
4.NBT.5
4.NBT.6
4.NF.1
4.NF.2
4.NF.3
4.NF.4
4.NF.5
4.NF.6
4.NF.7
5.NBT.1
5.NBT.2
5.NBT.3
5.NBT.4
5.NBT.5
5.NBT.6
5.NBT.7
5.NF.1
5.NF.2
5.NF.3
5.NF.4
5.NF.5
5.NF.6
5.NF.7
5.MD.3
5.MD.4
5.MD.5

Like multiple-choice questions, short-response questions often required
multiple steps, the application of multiple mathematics skills, and real-world
applications. Extended-response questions, on the other hand, asked students to show
their work in completing two or more tasks or a more extensive problem. Extendedresponse questions permitted students to demonstrate their understanding of
mathematical procedures, conceptual understanding, and application. They may have
also assessed student reasoning and the ability to critique the arguments of others. In
grades 3 through 5, students were not permitted to utilize a calculator during any
session on the test. The test designs for grades three through five are represented in
Table 7. The state exam utilized a 2-point Holistic Rubric, shown in Appendix E, to
assess the short-response questions and the 3-point Holistic Rubric, shown in
Appendix F, to assess the extended-response questions.
Table 6. Average Testing Time by Session and Grade
Grade
Session 1
55 – 65 Minutes
Grade 3
65 – 75 Minutes
Grade 4
80 – 90 Minutes
Grade 5

Session 2
60 – 70 Minutes
65 – 75 Minutes
70 – 80 Minutes

Table 7. NYS Mathematics Test Designs by Grade
Grade Session

3
4
5

1
2
Total
1
2
Total
1
2
Total

Number of
Multiple-Choice
Questions

Number of
Short-Response
Questions

Number of
Extended-Response
Questions

25
8
33
30
8
38
30
8
38

0
6
6
0
6
6
0
6
6

0
1
1
0
1
1
0
1
1
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Total
Number of
Questions

25
15
40
30
15
45
30
15
45

The other instrument in the study was the June Instructional Report for the
2018/2019 school year. This report was examined for each of the seven participating
schools. The report provided data on the proportion of points earned on the
Mathematics exams by Common Core Standard, divided between Multiple Choice and
Constructed Responses. The report compared the school’s results to that of the city as
a grade and by each class on the grade. Additionally, the report included the
performance of the school by standards and grade from the prior year. The three best
and worst standards for the grade were highlighted as well. The percent of total
possible points was based only on the raw score on the exam.

Reliability and Validity of New York State Mathematics Scores
The New York State Educational Department (NYSED) lists the technical
reports that explain the validity and reliability. There is no technical report for the
2019 New York State exams, but there was a technical report for the 2018 New York
State exams. This report will be used for the validity and reliability for the 2019
exams.
Validity. Validity refers to the degree to which evidence and theory support
the interpretations of test scores entailed by the proposed uses of tests. According to
NYSED, various assessment data are utilized in reporting adequate yearly progress
(AYP). The content of the test was defined by detailed blueprints that describe New
York State content standards and define the skills that must be measured to assess
these content standards. Field-test items were reviewed for the alignment of the items
with the Common Core Learning Standards. Educators established scoring rubrics for
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constructed-response items during range-finding. Several types of evidence can be
obtained the test data.
Internal consistency relates to validity in that higher internal consistency
constitutes evidence of validity. For the total population, the reliability coefficients
(Cronbach’s alpha) ranged from 0.91 to 0.94. For all the subgroups, the reliability
coefficients were greater than or equal to 0.79. Overall, high internal consistency was
found, and therefore there is validity.
Other validity evidence comes from analyses of the degree to which the test
items conform to the requirements of the statistical models. An assessment to
determine whether the items fit the IRT model using Q1 statistics was done, and most
items were a sound fit across grades and content areas. Only a few items were deemed
to have a less than ideal fit, which supports the appropriateness of the IRT models
used to calibrate and scale the test data.
Factor analysis was also done to model common construct (common
proficiency). More specifically, principal component factor analyses were conducted
on a correlation matrix of individual items for the Mathematics tests. The matrices
were used as input for the factor analyses because the polychoric correlations that were
used are appropriate for both multiple-choice and constructed-response data. It was
found that the mathematic items were measuring one underlying construct:
mathematics proficiency. The same factor analysis procedure was utilized to assess the
dimensionality of the mathematics construct for selected subgroups, and the results
were comparable to the results from the total population data. Additional constructirrelevant variance did not appear to create significant nuisance factors.
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When it comes to the bias, careful attention was given to the items in terms of
ethnicity, gender, socioeconomic status, and translation. All materials were written and
reviewed to conform to Questar’s editorial policies and guidelines for equitable
assessment as well as NYSED guidelines for item development. The materials were
carefully checked by groups of trained New York State educators during the item
review process. It was concluded that all items, including those that were flagged
during the operational test item selection, were deemed to be free of bias, thus
remaining in the tests.
Reliability. Reliability relates to the score stability and standard error. The
reliability of the test is then estimated by considering how well the items that reflect
the same construct yield similar results. High reliability indicates consistent scores and
are not unduly influenced by random error.
Reliability estimates, according to Cronbach’s alpha and Feldt-Raju
coefficients, ranged from 0.91 to 0.94, which made the exams reliable. The
coefficients, however, were computed separately for the multiple-choice and
constructed-response items. Cronbach’s alpha reliability coefficients were at least 0.75
and Feldt-Raju coefficients were at least 0.76, indicating internal consistency for the
analyzed subgroups. Furthermore, 71% to 77% of students were estimated to be
classified consistently to one of the four performance categories (Level 1, Level 2,
Level 3, or Level 4), and kappa ranged from 0.62 to 0.68, which considered
“substantial” agreement.
Comparability. Schools had the options of administering the test via paper
(PBT) or computer (CBT) for the 2018/2019 school year. It is not reported which
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schools participated in the computer-based testing (CBT) option from the posted
average proficiency level percentages. In an August 2019 memo, Steven Katz,
Assistant Commissioner from the Office of State Assessment, explained the
comparability of the two exam versions. In the memo, Katz explained that the
Department provided readiness verification tools for the successful use of the
computer-based test. Several CBT practice test sessions, which featured examples of
all the types of test questions, were made available to familiarize both students and
teachers.
The comparability study was conducted to ensure fairness between the two test
modes. Being that only 14% of students took the test via CBT, a method called
propensity score matching was uses to compare to the students who took the test via
PBT. This method allowed for the identification of groups of students who tested via
PBT that were similar to those that tested via CBT, resulting in direct comparison. The
mean scores were calculated for each grade by mode of testing. Table 8 exhibits the
means for CBT and PBT for Grade 4 and 5 students. Grade 3 was not included
because there were no test results from the prior year to match PBT to CBT students.
The table shows that there is not a significant difference between the scale score means
between the two test modes.
Table 8. PBT and CBT Means for Grades 3 and 4 Math
Grade
PBT Scale Score Mean
Grade 4
599.7
Grade 5
600.7
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CBT Scale Score Mean
598.4
599.0

Treatment
Steps to Implement Treatment
Renaissance School implemented ProBL pedagogical practice while the other
six schools did not. In the spring of the 2017/2018 school year, the administration of
Renaissance School introduced the concept of ProBL to the Inquiry team, which was
composed of four teachers and three administrators. The four teachers represented
Kindergarten, Second Grade, and Fifth Grade. The fourth teacher was a Reading
Specialist, who serviced first grade struggling readers, as well as a Testing
Coordinator. The Inquiry Team examined student artifacts from grades K to 5 and
made noticing that students were not retaining information from grade to grade and
lacked skills in elapsed time, currency, and fractions, all of which are part of the major
clusters on the state examination, as seen in Table 6. The team researched projectbased learning and problem-based learning, and concluded that a combination of both
would be best for the students. The team identified the traits of ProBL in what it would
look and sound like followed by designing a definition. This definition and the
guidelines by which ProBL would be assessed (Appendix G) was shared with the
teachers in the school. In the classroom, there would be a collaborative environment
that included open-ended discussion, constructive arguments, cooperative groupings,
creative and innovative thinking and multiple representations centered around realworld problem solving. In addition to being given the definition and the guidelines, the
teachers were offered to stay afterschool for additional pay in order to design ProBL
assignments using the curriculum for the grade. The teachers were allowed to adapt
the school’s math curriculum and used the strategies of ProBL to execute lessons.
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Implementing the Treatment
ProBL is a process that consists of four phases: (1) Exposure through
Understanding, (2) Experience through Modeling, (3) Execution through Discussion
and Solving, and (4) Extension of Thinking through Checking for Accuracy. These
phases, found in Appendix G, were conducted in a 90-minute block, where at least half
of the time was spent in the third and fourth phases. Throughout the math block, the
teacher’s role was to facilitate the learning of students through practices such as
questioning.
Phase 1: Exposure through Understanding. In this phase, teachers introduced the
lesson through an exploratory activity that involved a real-world problem. The activity
included multiple representations of the concepts for students to discuss. Through this
activity, students defined the creative challenge by questioning each other on the
technique or steps involved in possibly solving the problem at hand. This phase took
about 15 minutes.
Phase 2: Experience through Modeling. In this phase, students generated and
selected ideas by testing various techniques to solve the problem and to create a
model. Though the teacher’s primary role was to facilitate student learning through
collaboration and questioning techniques, the teacher modeled the task students were
to complete and set three to five clear task-specific expectations that would guide
students’ discussions and thinking. This phase took about 15 minutes as well.
Phase 3: Execution through Discussion and Solving. In this phase, students
demonstrated their understanding of the content and skill through discussion of the
real-world problem. In these collaborative discussions, students identified the
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background and knowledge of the audience of the problem at hand as well as the
delivery style of their presentation. Students utilized the given model from the teacher
and the task expectations as well as their prior knowledge, thereby consolidating new
knowledge and schematic knowledge, to solve the problem. Students also employed
the task expectations to drive the discussion of the problem at hand to ensure that the
problem was truly solved and the solution was logical. Student presentations were to
be engaging, specific to the task, and could have multiple representations. This phase
took about 40 minutes.
Phase 4: Extension of Thinking through Checking for Accuracy. In this phase,
students used the task expectations and their cooperative groups to check to see if their
answer was correct. Students presented their findings to the rest of the class, and the
findings were either validated or adjusted. Students went back and adjusted their
thinking through peer feedback and/or teacher feedback. In this manner, students were
able to extend their thinking as well as reflect on the task and process, thereby
consolidating their learning. This phase took about 20 minutes.

Procedures for Collecting Data
Data was collected from various sources. From each of the seven K to 8
schools, the most recent Quality Review report components 1.1 (Curriculum) and 1.2
(Pedagogy) were reviewed to identify the curriculum resources for mathematics at the
elementary level. The New York State data site was reviewed for the 2018/2019
school year to examine student demographics and state mathematics exam results.
Specifically, the proficiency levels percentage were examined for each school by all

51

students and by subgroups such as students with special needs, economically
disadvantaged students, and English Language Learners. Additionally, the June
Instructional Reports for each school for the 2018/2019 school year was reviewed for
the overall proficiency levels in constructed responses percentages by grade and
specific standard for mathematical word problems as seen in Table 8.
Table 9. Mathematical Word Problem by Standard
Grade 3
Grade 4
- 3.OA.A.3
- 4.OA.A.2
- 3.OA.D.8
- 4.OA.A.3

-

Grade 5
4.MD.A.2
5.NF.A.2

The schools were tagged in SPSS as either ProBL or No ProBL. For the first
research question, the independent variables were the school types (ProBL or No
ProBL) and student groupings (students with special needs and/or English Language
Learners). The dependent variable was the math state examinations’ proficiency level
percentages. For the second research question, the independent variable were
economically disadvantaged students and the dependent variable was the math state
examinations’ proficiency level percentages. For the third research question, the
independent variable was school type (ProBL or No ProBL) and the dependent
variables was student performance on mathematical word problems by identified
standards seen in Table 8 from the June Instructional Reports.

Research Ethics
The instruments being utilized were state data that have already been
manipulated to have student and teacher information removed from the datasets. The
data that was examined were proficiency level percentages from each school and
according to subgroups being researched. The data was also compiled by grades. Thus,
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there was complete anonymity. Schools were given pseudonyms to protect the school
and its constituents. The district in which these schools are located was not named.
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CHAPTER 4
The study included seven schools, represented in Table 2, were located within
the same New York City urban school district. The demographics, outlined in Tables
3, 5, and 6 illustrated how the student demographics were comparable to that of the
district. The data included the New York State proficiency level mathematics
percentage averages of 1,281 students for the 2018/2019 school year. In each school,
there were students with special needs and who were economically disadvantaged, but
not who were English Language Learners. Only one of the schools implemented
ProBL, and their average proficiency level percentages were compared to the other six
K to 8 schools in the district.

Results/Findings
The predictive analysis software program, SPSS, one sample t-test was used
for each research question. For each research question, the test value was set according
to the proficiency level percentage of the subgroup for the experimental school. The
experimental school’s percentage of students demonstrating proficiency was tested
against the percentage of students demonstrating proficiency at the six comparison
schools. A t-test was used instead of an ANOVA because of variance levels due to the
use of percentages of subgroups rather than individual students within a subgroup. An
ANOVA, however, was utilized to analyze the pedagogical practice, ProBL, across
grades in the seven schools. As mentioned before, proficiency levels refer to a score of
a level three or level four on a four-level scale. The average proficiency percentage for
all of the schools in the study was 37.71%, which was less than the city average of
45.6% for all students in grades 3 to 8. Based on Figure 3, Renaissance School, the
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experimental school in this research, had a higher average proficiency level percentage
than all of the schools except for Fisher Academy, which was 5 percentage points
higher.
Figure 3. Average Proficiency Level Percentages by School
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Table 10. Average Proficiency Level Percentages Mean for All Schools
One-Sample Statistics
N
ALLPROFLVLQ

Mean
7

37.71

Std. Deviation
17.717

Std. Error Mean
6.697

The research questions focused on various subgroups, particularly students
with special needs and/or English Language Learners (Research Question #1) as well
as economically disadvantaged students (Research Question #2). Though none of the
research questions focused on the average proficiency level percentages of all of the
elementary students across the seven schools, it is important to note that in analyzing
the One-Sample t-test in Table 11, there was a statistical significance being that the
significance level is less than 0.05 when all of the schools’ average proficiency level
percentages were examined.
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Table 11. Results for Average Proficiency Level Percentages for All Students
One-Sample Test
Test Value = 55
95% Confidence Interval
Mean
t
ALLPROFLVLQ

-2.581

df

Sig. (2-tailed)
6

.042

Difference
-17.286

of the Difference
Lower

Upper

-33.67

-.90

Experimental School
The experimental school had a population of over 700 students from grades
Kindergarten to eighth grade, but a total of 216 elementary students in grades three to
five who took part in the study. Those students were largely composed of students who
were economically disadvantaged followed by a large number of students who were
classified as special needs. The demographics of the students were largely
Black/African-American followed by Hispanic/Latino according to Table 4.
While the average proficiency level percentage of all seven schools for
students in grades three to five was about 38%, the experimental school’s average
proficiency level percentage was 55%. Economically disadvantaged students had an
average proficiency level percentage of 53% and students with special needs had an
average proficiency level percentage of 18%, as can be seen in Table 14.
In looking at both Tables 12 and 13, the experimental school’s average
proficiency level percentages are far larger than the combined six comparison schools
for both students with special needs and economically disadvantaged students.
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Table 12. Experimental School vs. Others: Economically Disadvantaged Students

Table 13. Experimental School vs. Others: Students with Special Needs

Research Question #1
The first research question sought to answer whether students with special
needs and/or students who are English Language Learners who engaged in ProBL
would have a higher percentage of proficiency levels than similar students who did
not. Across the seven schools, there were students with special needs, but there were
not always students classified as English Language Learners. Three out of the seven
schools had less than ten students classified as English Language Learners, and six
have less than 30 participants according to Table 14. The treatment school had zero
students who were classified as English Language Learners. Though the sample size
was sufficient when all the schools were taken into account, there was not a large
enough sample size per school for most of the schools. Therefore, the analysis of
English Language Learners is not present for this study. Most of the schools had a
large enough sample size for students with special needs. However, less than 30
percent for many of the students with special needs attained proficiency as can be seen
in Table 15.
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Table 14. Total Student Scores by Subgroup
SCHOOL
# OF SWD
# OF ELL
# OF ED
Renaissance School (101)
42
0
88
Truth Academy (102)
25
1
154
Peak Summit School (103)
53
50
173
Howell Shore School (104)
32
17
138
Fisher Academy (105)
13
4
76
Grove Neighborhood School (106)
32
23
161
Hillcrest School (107)
32
17
121
SWD = Students with special needs, ELL = English Language Learners, and ED =
Economically disadvantaged students

Table 15. Average Proficiency Level Percentages and Means by Subgroup
% SWD PROF
% ED
SCHOOL
LVL
PROF LVL
Renaissance School (101)
18
53
Truth Academy (102)
26
43
Peak Summit School (103)
8
19
Howell Shore School (104)
5
12
Fisher Academy (105)
0
42
Grove Neighborhood School (106)
3
38
Hillcrest School (107)
6
23
SWD = Students with special needs, and ED = Economically disadvantaged students

Through the SPSS analysis of each subgroup in Table 15, the mean score for
students with special needs was 9.43 across the seven schools. The standard deviation
(SD) for students with special needs had a low variation of 0.97. This was consistent
with the t-test represented in Table 16, which shows that results for students with
special needs are statistically significant, being that it was at 0.049, when the test value
is set at the experimental school’s average proficiency level percentage of 18. The
significance level was less than 0.05. However, the results for English Language
Learners could not be conducted as they were not represented in the experimental
school.
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Table 16. Results for Students with Special Needs
One-Sample Test
Test Value = 18
95% Confidence Interval of
t
SWDPROFLVLQ

df

-2.456

Sig. (2-

Mean

tailed)

Difference

6

.049

the Difference
Lower

-8.571

Upper

-17.11

-.03

A one-way ANOVA, seen in Table 17, was used to analyze the relationship
between the pedagogy and the grades across the seven schools, and the results
indicated statistical significance amongst students with special needs at both grade and
pedagogical levels. Therefore, based upon both the ANOVA and the t-test results,
there was statistical significance for students with special needs. The null hypothesis
was rejected for students with special needs.
Table 17. ANOVA Results for Students with Special Needs
Tests of Between-Subjects Effects
Dependent Variable: SWDPRFLVL
Type III
Sum of
Source

Squares

Corrected Model

918.294a

Intercept

1316.226

Mean
df

Sig.

Partial

Noncent.

Eta

Paramet

Observed

Squared

er

Powerb

Square

F

2

459.147

4.015

.036

.308

8.029

.640

1

1316.22

11.50

.003

.390

11.508

.894

6

8

GRADE

658.286

1

658.286

5.756

.027

.242

5.756

.622

PEDTYPE

260.008

1

260.008

2.273

.149

.112

2.273

.298

Error

2058.659

18

114.370

Total

4825.000

21

Corrected Total

2976.952

20

a. R Squared = .308 (Adjusted R Squared = .232)
b. Computed using alpha = .05
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Research Question #2
The second research question sought to answer whether economically
disadvantaged students who engaged in ProBL would have higher percentage of
proficiency levels than similar students who did not. The sample size for economically
disadvantaged students for each school was sufficient because they were well over 30
students per school (Table 14). The proficiency levels across schools for this subgroup
was sufficient as well (Table 15). Through SPSS analysis of economically
disadvantaged students, the mean score was 32.86 across the seven schools. The SD
had a low variation of 0.45, which is consistent with the t-test represented in Table 18.
The results were statistically significant being that it was at 0.012, when the test value
was set at the experimental school’s proficiency level percentage of 53. The
significance level was less than 0.05. The confidence level was almost 99%, which is
positive.
Table 18. Results for Economically Disadvantaged Students
One-Sample Test
Test Value = 53
95% Confidence Interval of
t
EDPROFLVLQ

-3.562

df
6

Sig. (2-

Mean

tailed)

Difference

.012

-20.143

the Difference
Lower
-33.98

Upper
-6.31

A one-way ANOVA, seen in Table 19, was used to analyze the relationship
between the pedagogy type and the grades across the seven schools, and the results
indicate there was no statistical significance for students in this subgroup. However, in
relation to the research question, there was a statistical significance, resulting in the
rejection of the null hypothesis.
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Table 19. ANOVA Results for Economically Disadvantaged Students
Tests of Between-Subjects Effects
Dependent Variable: EDPRFLVL
Type III
Sum of

Mean
df

Square

F

Sig.

Partial Eta

Noncent.

Observe

Squared

Parameter

d Powerb

Source

Squares

Correct

1679.270a

2

839.635

1.831

.189

.169

3.662

.331

2839.646

1

2839.646

6.192

.023

.256

6.192

.653

GRADE

292.571

1

292.571

.638

.435

.034

.638

.118

PEDTY

1386.698

1

1386.698

3.024

.099

.144

3.024

.377

Error

8254.540

18

458.586

Total

32474.000

21

9933.810

20

ed
Model
Intercep
t

PE

Correct
ed Total

a. R Squared = .169 (Adjusted R Squared = .077)
b. Computed using alpha = .05

Research Question #3
The third research question sought to answer whether students who engaged in
ProBL would have better performance on math word problems. Student scores were
not grouped into subgroups for this data, and so all students were included in this
dataset. Through SPSS analysis of students across the seven schools, there was a mean
of 58.29 with a SD of 9.895. There was a low variation of 0.17, which was consistent
with the t-test in Table 20, indicating that the results were statistically significant
because they were at 0.029. The significance level was less than 0.05 when the test
value was set at the experimental school’s proficiency level percentage of 69. Thus,
the null hypothesis was rejected.
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Table 20. Results for Word Problems Performance

Comparing student performance on mathematical word problems at the
experimental school across two school years, seen in Figure 4, indicated that two
grades did not benefit from the ProBL pedagogical approach. Students in Grade 3 and
4 had a decrease in performance in 2019 compared to 2018. Grade 5, however, had a
sharp 17 percentage point increase in 2019. The overall average performance of all
three grades increased by three percentage points. This analysis concluded that ProBL
had a positive impact on student performance on mathematical word problems in
Grade 5 only.
Figure 4. Yearly Comparison of Math Word Problems at Experimental School
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Based on the results from the SPSS analysis, it was concluded that ProBL,
when implemented, had a direct positive impact on the proficiency levels of
economically disadvantaged and students with special needs. ProBL also had a
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positive impact on student performance on word problems. However, it was found that
there was not a sufficient sample to investigate the impact on English Language
Learners with ProBL.

63

CHAPTER 5
The ProBL Theoretical Framework (Figure 2) combines learning activities
within project-based learning and problem-based learning in order to generate a
positive impact on student performance in mathematics. Within the classroom setting,
students are able to work in cooperative groups engaging in various levels of questions
from their peers, explore a concept through multiple representations, having
constructive arguments that involve peer feedback, and engaging in meaningful and
rich discussions. By having students work in cooperative groups, each student
contributes and is a resource in the learning process. Each student may have a different
approach to solving the problem at hand because of individualized prior knowledge.
The findings of this exploratory study, which included a sample size of seven
schools, found that ProBL positively impacted students with special needs,
economically disadvantaged students, and students who struggle in mathematics.
Though there were about 1,300 students, who were primarily Black/African-American
and Hispanic/Latino, only 216 students engaged in ProBL from one of the schools.
These students, similar to the students in the comparable schools, were mostly
economically disadvantaged. In analyzing economically disadvantaged students, there
was great statistical significance as there was almost a 99% confidence level. The
sample size included less than 20% of students with special needs, but there was about
a 95% confidence level after analysis. The experimental school had the second highest
number of students with special needs. It was also found that ProBL had a positive
impact on student performance on word problems at almost a 97% confidence level for
all students regardless of classification. Through the study sought to look at the impact
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of ProBL on English Language Learner, there was not a sufficient sample to
investigate.

Implications of Findings
The implementation of ProBL into elementary mathematics classrooms would
magnify student engagement, establish foundational skills as they move through the
grades, increase intrinsic motivation, and build conceptual understanding. This would
most likely lead to higher student achievement in elementary mathematics, thereby
increasing NAEP scores and addressing goal numbers three and five from the National
Educational Goals.
The findings in this exploratory study can impact a large number of students.
ProBL can be implemented in many urban settings within the New York City
Department of Education as well as other large urban school districts. The results
indicated that ProBL has a positive impact on average proficiency level percentages
for elementary students with special needs and economically disadvantaged students.
The study also indicated that elementary students who engaged in ProBL had positive
performance on math word problems. A large percentage of students in the New York
City Department of Education in the 2018/2019 school year were economically
disadvantaged (72.8%). Additionally, 20.2% of students in the New York City
Department of Education for the same school year were classified as students with
special needs (schools.nyc.gov, 2020). Many urban areas have high populations of
economically disadvantaged students and students with special needs. These
populations are growing within the public school system. The special education
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population has risen 1.2% over the past five years and the percentage of students who
are economically disadvantaged has increased from 63.6% to 69.9% over the same
period of time (schools.nyc.gov, 2020). These numbers are going to continue to grow
in urban settings. Economically disadvantaged students, though they comprise the
largest percentage of urban school districts, have low proficiency rates. In the
2018/2019 school year, only 39% of economically disadvantaged students achieved
proficiency on the New York State Mathematics exam (data.nysed.gov, 2020).
According to the exploratory study, the experimental school had the highest
percentage of economically disadvantaged students achieve proficiency compared to
the participating schools. In the same 2018/2019 school year, only 18% of students
with special needs were proficient in mathematics (data.nysed.gov, 2020). Although,
students with special needs did not have the highest average proficiency level
percentage of the participating schools, it was found that ProBL had a significant
impact on their performance on the state exam in terms of average proficiency level
percentage at the experimental school. Student performance on mathematical word
problems increased through the implementation of ProBL by nine percent from the
previous year. Therefore, having students engage in ProBL could increase student
achievement for elementary students in mathematics, especially if they are in urban
settings.

Relationship to Prior Research
Critical thinking, intrinsic motivation and cooperative groupings are needed for
students to explore and question the problem at hand in a manner that facilitates
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learning. However, this is not feasible without a conceptual understanding, which
stems from the foundation. The problem-based learning model turned the student from
a passive information recipient to an active, free self-learner and problem solver,
enabling students to learn new knowledge (Akinoglu and Ozkardes Tandogan, 2007).
In a constructivist point of view, students were able to construct their own
understanding and knowledge of the world through experience and reflection (Bada,
2015), which enhanced logical and conceptual growth (Driscoll, 2000) while
promoting creativity in both learning and instruction. Students then made connections
between what they had known and what they have just learned.
The findings of this exploratory study support the literature and the
constructivist theory. The experimental school’s data illustrated how economically
disadvantaged students who had engaged in ProBL had a higher average proficiency
level percentage than similar students who did not. Cerezo (2004) found similar results
with at-risk middle school females in Georgia. That study found that problem-based
learning allowed students to be expressive, think differently, met the motivational
needs of students, and allowed students to be supportive of each other (Cerezo, 2004).
There was a positive impact on students with special needs as well, which is consistent
with Belland, Ertmer, & Simons from 2006. The study included 600 middle school
student with special needs. It was found student self-confidence was increased due to
strong engagement in cooperative groups, which led to increased academic
performance (Belland, Ertmer, & Simons, 2006). The social interactions from the
cooperative groups provided the students with the needed foundational skills that are
needed to be applied (Lou, Shih, Ray Diez, & Tseng, 2011). Increased student
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performance on word problems was pivotal since students ordinarily struggle the most
with word problems. The process by which students deconstructed word problems in a
ProBL lesson provided them with the foundational skills and conceptual understanding
to arrive at the solution through cooperative groups.

Limitations of the Study
There are limitations to this exploratory study. The first two limitations relate
to low statistical power. One limitation is that only one school implemented ProBL as
a pedagogical practice. The sample size of seven schools is comprised of about 1,300
student scores. This number is small in comparison to the number of elementary
students in the district (6,993) and the city (246,260) (schools.nyc.gov, 2020). Of the
1,300 student scores, only 216 student scores were that of students who engaged in
ProBL. Average proficiency level percentages of each schools’ students were
examined instead of individual student scores. Looking at individual student scores
would have given variance within the data, which was not present in using the schools.
Due to low statistical power, the study cannot be generalized and there is a threat to
the reliability of measures.
The next two limitations relate to the New York State Mathematics exam. The
third limitation to this study relates to instrumentation. Although the state
examinations are standardized, the scale scores that indicate the performance levels are
different each school year, as can be seen in Appendix C. Since the study utilized
average proficiency level percentages from each participating school, the average
proficiency level percentages will differ from year to year though same students are
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included from year to year. Another limitation in regards to the state examination that
threatens the internal validity of the study is testing. Since state examinations are given
to students beginning in the third grade, students in grades 4 and 5 may have been
exposed to the structure of the exam and become familiar with the testing situation.
Additionally, more than 60% of the exam questions are released after each exam
period so that students can practice using exam question types.
The fifth limitation is that teachers adapted the math curriculum to use the
ProBL strategies, causing a threat to the internal validity of the treatment. However,
the exploratory study’s participating schools reflected the overall demographics’
percentages within the district.

Recommendations for Future Practice and Research
The most important implication is the possible implementation of ProBL in
elementary math classrooms. The analysis of the data revealed that the implementation
of ProBL was beneficial to students with special needs, economically disadvantaged
students as well as to elementary students’ performance on word problems, whether
they had a classification or not. These are noteworthy benefits for the implementation
of ProBL. ProBL allowed the student to be an active, free self-learner, and problem
solver, thereby eliminating passive information receipt. Students appeared to have
constructed their own knowledge by building on their prior knowledge in a
cooperative environment through intrinsic motivation.
However, for future research and practice, it would be best to have more than
one school implement ProBL to increase the sample size of the experimental group. In
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that way the experimental group and the control group would be comparable in size.
Additionally, future research should utilize the individual scores of students rather
than proficiency level percentages of each participating school to increase data
reliability. It should also be noted that future research and practice should include a
qualitative measure. The researcher should observe ProBL in action and, possibly,
interview students regarding their experience in this form of pedagogy. In this manner,
there would be a more accurate gauge on student motivation and engagement in the
formation of conceptual understanding.
The average proficiency level percentages increased over a year’s time when
students in the experimental school engaged in ProBL. Students, regardless of
classification, had a significant increase in their math performance on word problems.
It had a positive impact on students with special needs and economically
disadvantaged students. The learning environment formed through the four phases of
ProBL was positive on student performance because students may have the
opportunity to build on social interactions through their cooperative groups. Through
discussions held in the third phase, students may be able to establish a foundation of
skills and make connections in order to eventually build a conceptual understanding of
the topic. Based on the theoretical framework, the conceptual understanding is formed
when students engage in constructive arguments, explore topics through multiple
representations, participate in peer open-ended discussions, and receive feedback from
peers and teachers. These activities may allow students to become intrinsically
motivated and self-confident. Therefore, if implemented, ProBL may yield the results
seen in the exploratory study.
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